Nonlinear pharmacokinetics of (+/-)3,4-methylenedioxymethamphetamine (MDMA, "Ecstasy") and its major metabolites in squirrel monkeys at plasma concentrations of MDMA that develop after typical psychoactive doses.
At certain doses, the psychoactive drug (+/-)3,4-methylenedioxymethamphetamine (MDMA, "Ecstasy") destroys brain serotonin axon terminals. By causing increases in plasma MDMA concentrations that exceed those predicted by the increase in dose, nonlinear pharmacokinetics has the potential to narrow the range between safe and neurotoxic doses of MDMA. The present study sought to determine whether the pharmacokinetics of MDMA in nonhuman primates are nonlinear and, if they are, to identify plasma concentrations of MDMA at which nonlinear accumulation of MDMA occurs. Four different oral doses of MDMA were tested in the same six squirrel monkeys in random order. At each dose, pharmacokinetic parameters for MDMA and its metabolites 3,4-dihydroxymethamphetamine (HHMA), 4-hydroxy-3-methoxymethamphetamine (HMMA), and 3,4-methylenedioxyamphetamine were determined. Doses were selected to be equivalent to 0.4, 0.8, 1.6, and 2.8 mg/kg doses in humans. The maximal concentration (C(max)) and area under the curve (AUC) of MDMA increased nonlinearly with dose, whereas the C(max) and AUC of the metabolites HHMA and HMMA remained relatively constant. Nonlinear MDMA pharmacokinetics occurred at plasma MDMA concentrations of 100 to 300 ng/ml and above. The half-life (T(1/2)) of MDMA and its metabolites also increased with dose. These results firmly establish nonlinear pharmacokinetics for MDMA in squirrel monkeys and indicate that nonlinear MDMA accumulation occurs at plasma MDMA concentrations that develop in humans taking typical doses. By raising MDMA concentrations and prolonging its action, nonlinear pharmacokinetics and T(1/2) prolongation, respectively, may influence the likelihood and severity of MDMA toxicities (including brain serotonin neurotoxicity).